Objectives: This study: (a) generated regression equations for predicting the resting metabolic rate (RMR) of 30 -60-y-old Australian males from age, height, mass and fat-free mass (FFM); and (b) cross-validated RMR prediction equations, which are currently used in Australia, against our measured and predicted values.
Introduction
The resting metabolic rate (RMR) is equivalent to $ 6300 kJ=day or 60 -75% of the total daily energy expenditure of a 70 kg person. It therefore represents by far the largest component of the 24 h energy expenditure compared with contributions for the thermic effects of activity and feeding at $ 15 -30% and $ 10%, respectively (Poehlman, 1989) . Hence, the RMR impacts greatly on the regulation of body mass and energy balance.
The FAO=WHO=UNU (1985) have recommended a method for estimating the approximate energy intake requirements of healthy adults. This method is founded on the premise that all estimates of energy requirements should be based on measurements of energy expenditure and not energy intake. The measured RMR is then multiplied by an activity level, which is calculated using the factorial method, to estimate the total energy requirement. A problem arises when the RMR cannot be measured but must be predicted from such variables as age, height and mass because any under-or overprediction will be compounded when it is multiplied by the activity level.
The two most commonly used RMR prediction equations in Australia are those of Harris & Benedict (1919) and Schofield (1985) . The former are based on 239 adult American males and females and were published in 1919. The Schofield equations were generated by pooling the data from 114 studies, 76 (66.7%) of which were published more than 50 y ago. Most of the data on which the present RMR prediction equations are based were therefore collected in the early part of the last century. Since then, puberty has occurred earlier and the height and mass of many populations have increased. These changes raise questions concerning the composition of this mass increase and whether it impacts on the prediction of RMR (Elia, 1992a) . Furthermore, there are large physiologically significant differences of 13 -47% between the RMRs predicted by equations in the literature (Elia, 1992a) . While some of these dissimilarities are due to biological differences, it is difficult to assess retrospectively the accuracy and precision of the indirect calorimetry systems used by most researchers to measure RMR because in many cases earlier publications contain no such information.
The RMR of Australians was studied in the 1920s and 1930s (Hicks et al, 1931; Wardlaw et al, 1934; Wardlaw & Horsley, 1928; Wardlaw & Lawrence, 1932) and this information is included in the Schofield (1985) database. However, Piers et al (1997) recently demonstrated that the Schofield (1985) equations significantly overpredict (P < 0.001) the RMR of 18 -30-y-old Australian males and females. The present study extends the work of Piers et al (1997) by testing 30 -60-y-old Australian males and also exploring the hitherto unused fat-free mass (FFM) derived from the fourcompartment body composition model as a predictor of RMR. The FFM is a more valid predictor of RMR than body mass because its rate of resting metabolism is approximately 6.5 fold greater than that for adipose tissue (Elia, 1992b) . However, the four-compartment body composition model requires measurements of body density (BD), total body water (TBW) and bone mineral mass (BMM) via underwater weighing, isotopic dilution and dual-energy X-ray absorptiometry (DXA), respectively. It is therefore time consuming and requires both expensive equipment and considerable tester expertise. An alternative strategy is to use the sum of skinfold thicknesses as an expedient measure of the subcutaneous adipose tissue. Hence, the percentage body fat (%BF) can be predicted from the regression of the criterion of %BF via the four-compartment model on skinfold thicknesses, which have been largely ignored as an RMR predictor, thereby allowing the FFM to be calculated by subtraction (FFM ¼ body mass 7 fat mass or FM). The study therefore: (a) tested the hypothesis that the RMR prediction equations of Harris & Benedict (1919) and Schofield (1985) are inappropriate for 30 -60-y-old Australian males, and (b) explored FFM derived from the four compartment body composition model, and estimated from the sum of skinfold thicknesses, as predictors of RMR.
Methods
Subjects Forty-one males aged between 30 and 60 y were recruited for this pilot project (X AE s.d.: 44.8 AE 8.6 y; 83.50 AE 11.32 kg; 179.1 AE 5.0 cm). This sample size enabled the detection of (a ¼ 0.05; power ¼ 0.80) statistically and physiologically significant differences of 8% between predicted=measured RMRs in this study and those predicted by the equations of other researchers. Equal numbers of subjects were chosen across 6 y age bands in an endeavour to recruit short, medium and tall and light, medium and heavy persons within each category. This enabled the more accurate calculation of the regression surfaces than with a random sample where the regression coefficients for these two independent or predictor variables would be unduly influenced by the few cases at the extremes.
The sample was screened to exclude subjects who were smokers, not mass stable ( AE 2.0 kg) over the last year and suffering from diseases or taking any medication which are known to affect energy metabolism. Those with a history of any clinical eating disorder were also omitted. This project was approved by the Flinders Medical Centre's Committee on Clinical Investigation. The subjects were informed of the aims, test protocols, possible benefits and risks before they gave their written consent to participate.
RMR
Oxygen consumption (V O 2 ) was determined via open circuit indirect calorimetry using the classical Douglas bag method and Geppert & Zuntz (1888) transformation. All measurements were based on the mean of two 10 min collection periods which were conducted after 50 min of bedrest while the subject was in the supine position with the head and shoulders slightly elevated. The subjects breathed through a Hans Rudolph R2600 respiratory valve and wore a noseclip. They were always covered by a blanket and the temperature in their vicinity was maintained at 24.0 AE 0.5 C. The subjects were habituated to this experimental situation on a previous day, thereby ensuring that a true baseline was attained. Precautions, such as phone off the hook and only the subject together with the two experimenters allowed in the laboratory, were taken to eliminate disturbing influences that can affect the RMR. All subjects were also requested to adhere to the following routine before the two experimental trials to control for other factors known to influence the RMR: (i) no vigorous exercise during the preceding 36 h; (ii) no caffeine, alcohol and drugs during the preceding 12 h; (iii) consumed a standardised evening meal between 19:30 and 20:00 h on the day before the test with only water consumed afterwards; and (iv) transported to the laboratory by car by the researchers to eliminate uncontrolled activity.
Compliance with some of the preceding requests was checked by noting resting heart rates, which were monitored continuously, and respiratory exchange ratios (RER). The percentages of CO 2 and O 2 in dried mixed expirate were monitored by Beckman LB-2 and Electrochemistry S-3A analysers, respectively, which were calibrated throughout the physiological range of measurement for mixed expirate
Resting metabolic rate of Australian males GE van der Ploeg and RT Withers using gases that had been verified by Lloyd -Haldane analyses. The volume expired, which was collected in 150 l Douglas bags, was then determined using a calibrated 350 l Tissot spirometer that had been checked for constant crosssectional area and counterbalancing throughout its elevation. Adjustment was made for the volume pumped through the gas analysers. Finally, energy expenditure (kJ) was calculated from the RER and V O 2 data using the equations of Elia & Livesey (1992) . The most recent data on the reliability and precision of our calorimetry system yielded an intraclass correlation coefficient (ICC), technical error of measurement (TEM) and %TEM of 0.989, 119 kJ=day and 1.6%, respectively, for repeated trials on 10 subjects.
Body composition
All tests were conducted on the same morning as the RMR trials to minimise within-subject biological variability. Our methodologies for the measurement of BD, TBW and BMM via hydrodensitometry, isotopic dilution and DXA, respectively, have been described previously (van der Ploeg et al, 2000; Withers et al, 1998) . The FFM was then calculated using a four-compartment criterion model. This involved subtraction of the masses and volumes for TBW and BMM from those determined for the whole body using hydrodensitometry (BD ¼ mass=volume), thereby facilitating partitioning of the remainder into fat and residual (protein, nonbone mineral and glycogen) masses. The following formula was therefore derived (Withers et al, 1998) by assuming that the densities of the four compartments, FM, TBW, BMM and residual masses, are: 0.9007 (Fidanza et al, 1953) , 0.99371 (Weast, 1975) , 2.982 (Méndez et al, 1960) The %BF was also determined using the two-compartment hydrodensitometric body composition model (Brozek et al, 1963; %BF ¼ 497.1=BD 7 451.9 ). Prior to this experiment, repeated trials for BD (n ¼ 12), TBW (n ¼ 10) and BMM (n ¼ 12) yielded respective ICCs and %TEMs of 0.998 and 0.1% (0.001 g=cm 3 ), 0.998 and 0.6% (0.28 l) and 0.998 and 0.9% (27 g).
Anthropometry
Measurements were taken in accordance with the procedures of Norton et al (1996) by an anthropometrist who was certificated by the International Society for the Advancement of Kinanthropometry. Height was measured with a wall stadiometer and body mass was determined to the nearest 20 g. Two trials were conducted at each skinfold site with Harpenden calipers and the mean was used if they differed by < 10%. Otherwise, a third measurement was taken and the median was used in further calculations. Further anthropometric measurements (girths -arm relaxed, arm flexed and tensed, waist, gluteal and calf; breadths -biepicondylar humerus and femur) were conducted with a flexible steel tape and Mitutoyo vernier calipers as modified by Carter (1980) . The linear measurements for all anthropometric equipment were checked against standard rods and the downscale jaw pressure of the Harpenden calipers was 8.09 -7.74 g=mm 2 for jaw openings from 5 to 40 mm (Carlyon et al, 1998). The weighing scale was calibrated throughout the physiological range of measurement using masses which were authenticated by an electrobalance at the South Australian Office of Fair Trading.
Statistical analysis
1. Forward stepwise regression was used to predict %BF, which was estimated using the four-compartment body composition model, from the sum of skinfold thicknesses, girths and breadths. Only those independent variables that resulted in a statistically significant (P 0.05) increase in R 2 were included in the final equations. Logarithmic and quadratic transformations were used for those predictors whose relationships with the criterion departed significantly from linearity. Computation of the FM from the predicted %BF (FM ¼ %BF=100Âbody mass) enabled the FFM to be calculated by subtraction (FFM ¼ body mass 7 predicted FM). 2. Forward stepwise regression was also used to predict RMR (kJ=day) from: (a) age, height, mass and FFM predicted via the anthropometric variables; and (b) age, height, mass and FFM estimated from the four-compartment body composition model. 3. Dependent t-tests were used to determine whether our measured RMR mean was significantly different (P 0.05) from those predicted by the equations of Harris & Benedict (1919) and Schofield (1985) . Total errors were also calculated as follows:
This statistic contains two sources of variation, one attributed to the lack of association between the two data sets (s.e.e.) and one due to the difference between the means (Lohman, 1981) . Finally, prediction errors (our measured RMR -their predicted RMR) were regressed linearly on our predicted RMR. If neither the slope nor the intercept differ significantly (P 0.05) from zero, then the equation essentially does not differ from our own which is optimal for our data. However, if the regression line's slope is significantly different from zero then it is implied that the prediction errors vary across the RMR range; alternatively, if the slope is not significantly different from zero but the intercept is, then the equation has a consistent bias across the RMR range.
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Results
The descriptive statistics for the 41 subjects are contained in Table 1 . Figure 1 emphasises the curvilinear relationship between %BF via the four-compartment body composition model and the sum of seven skinfold thicknesses. Quadratic transformation of the skinfold thickness data, as depicted in Figure 1 , therefore resulted in a small increase in the interclass correlation coefficient and small decrease in the s. Harris & Benedict (1919) , which uses age, height and mass as predictors, overestimated the mean RMR of our subjects by 328 kJ=day (P < 0.001). The absolute mean difference and total error were 524 and 632 kJ=day, respectively. The latter is much larger than the s.e.e. of 434 kJ=day for the original equation. Figure 2 , the prediction error analyses for slope (P ¼ 0.86) in Tables 3 and 4 emphasise that these errors are relatively constant across the range of measurement. The overestimations presented in Table 4 therefore ranged from 289 ( þ 5.0%) to 367 kJ=day ( þ 4.2%). The cross-validation analyses in Tables 3 and 4 also emphasise that the Harris & Benedict (1919) prediction equation which uses just mass and height fared much worse than the one that incorporated the additional variable of age. The prediction errors in Table 4 for the former equation were consequently over the much greater range of 698 ( þ 8.0%) to 942 kJ=day ( þ 16.3%). The RMR prediction equations of Schofield (1985) also over predicted our RMR mean by 421 and 418 kJ=day (P < 0.001) with associated absolute mean differences of 551 and 549 kJ=day, respectively. The total errors of 657 and 655 kJ=day are only slightly less than the s.e.e. of 700 kJ=day for the original equations. Figure 2 indicates that intersection of the regression lines at $ 8550 kJ=day resulted in a progressive overestimation as RMR decreased. These overestimations are quantified in Table 4 which indicates that the Schofield equations (1985) overpredict by 874 and 872 kJ=day, respectively (both þ 15.1%), at two standard deviations below the mean. Consequently, both the slopes (P ¼ 0.02) and the intercepts (P ¼ 0.01) for the prediction errors differed significantly from zero. 
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Discussion
This is the first study which: (a) generates equations for predicting the RMR of 30 -60-y-old Australian males; and (b) uses the FFM derived via the four-compartment body composition model as a predictor of RMR. Our two best regression equations in Table 2 demonstrate that 66.7 and 64.8% of the variance in the criterion variable of RMR is explained by the best weighted combination of the predictor Resting metabolic rate of Australian males GE van der Ploeg and RT Withers variables. These compare favourably with those of the other equations in Table 2 , which have been generated on other populations, but the coefficient of determination is only a valid measure of the relative worth of regression equations if all the sample sizes and standard deviations for the criterion or dependent variable are identical. This does not apply to the present comparison and in such circumstances the s.e.e. is a more valid indicator of an equation's predictive worth. Our equations' s.e.e. were comparable with those of Harris & Benedict (1919) whereas the Schofield (1985) equations, which are based on a large pooled database, produced by far the highest s.e.e. Incidentally, the Harris & Benedict (1919) equations were published before the advent of the handheld calculator and their data were entered into a computer to calculate the s.e.e. which were not originally reported. It is therefore a tribute to these pioneers that, with the exception of some minor rounding errors for the second place decimal, their manual calculations were confirmed by the computer program. The s.e.e. for the best equation in Table 2 is 429 kJ=day. However, the only predictor variable is FFM using the fourcompartment body composition model which requires just as much time but more expensive equipment compared with direct measurement of RMR. A more user-friendly equation is the one which employs FFM estimated from the sum of seven skinfold thicknesses as a predictor and has a comparable s.e.e. of 441 kJ=day. However, the probability at the mean is 0.95 that a subject's measured RMR lies within the range of the predicted RMR AE 864 kJ=day and this imprecision therefore raises the question as to whether it is more acceptable to tolerate the error in the prediction or the difficulty of direct measurement.
The initial major finding of the current study is that predicting the RMR of 30 -60-y-old Australian males from FFM measured using the four-compartment model attained little additional accuracy and precision compared with FFM estimated from the sum of seven skinfold thicknesses. This agrees with previous work by the authors on 18 -30-y-old Australian males (van der Ploeg et al, 2001) . Forward stepwise multiple regression analyses incorporating each of these variables therefore generated equations with similar explained variances in RMR (66.7 and 64.8%) and s.e.e. (429 and 441 kJ=day). There are two reasons why this is important. First, the four-compartment body composition method is a relatively time-consuming and expensive procedure compared with the measurement of skinfold thicknesses. Second, while our measured RMR correlated 0.816 and 0.718 with FFM and body mass, respectively, the latter easily measured variable has been used far more frequently as a predictor. Table 2 consequently demonstrates that incorporating predicted FFM explained 9.3% more of the RMR variance than a multiple regression equation based on just the traditional predictors of age, height and mass; furthermore, the s.e.e. decreased from 509 to 441 kJ=day.
The fact that the Harris & Benedict (1919) equations overpredict the RMR of 30 -60-y-old Australian males is in accordance with published data on other populations which are summarised by Elia (1992a) . An earlier study on 18 -30-yold Australian males (van der Ploeg et al, 2001) also demonstrated that the Harris & Benedict (1919) equations overpredict RMR throughout the range of X AE 2 s.d., but by a larger 587 -613 kJ=day compared with the 289 -367 kJ=day for the equation employing the independent variables of age, height and mass. It could be argued that the 4.2 -5.0% overpredictions in Table 4 are not physiologically significant, but the error in kJ=day would be compounded when the RMR is multiplied by an activity factor to yield the total daily energy expenditure. Furthermore, this amount of excess energy intake would be unequivocally of long-term physiological significance. By comparison, Table 4 demonstrates that overpredictions for the Schofield (1985) equations ranged from 194 kJ=day (2.4%) at X þ 1 s.d. to 874 kJ=day Resting metabolic rate of Australian males GE van der Ploeg and RT Withers (15.1%) at X 7 2 s.d. The overpredictions at the lower end of the distribution are therefore of great physiological significance. The FFM has a much higher rate of resting energy expenditure (Elia, 1992b: 124.3 kJ=kg=day) than adipose tissue (Elia, 1992b: 18.8 kJ=kg=day) . The most likely reason for the preceding overpredictions by other investigators' equations is therefore that their subjects had a lower %BF and hence a higher relative FFM than subjects in the present study. However, it is impossible to verify this hypothesis because neither study reported body composition data. Nevertheless, while both samples were significantly (P < 0.001) lighter (Harris & Benedict, 1919: 64.10 AE 10.33 kg; Schofield, 1985: 64.11 AE 10.79 kg) and shorter (Harris & Benedict, 1919: 173.0 AE 7.6 cm; Schofield, 1985: 168.0 AE 6.7 cm) than the current group, it is possible to calculate Quetelet's index (mass (kg)=height (m) 2 ), which is used by epidemiologists to classify people as underweight, acceptable weight, overweight and obese. The National Heart Foundation of Australia (1990) accordingly classifies persons with a Quetelet's Index of 20 -25 kg=m 2 inclusive as of acceptable body weight, whereas those with scores greater than 25 and 30 are regarded as being overweight and obese, respectively. The databases of Harris & Benedict (1919) and Schofield (1985) yielded much lower Quetelet's indices of 21.3 and 22.7 kg=m 2 , respectively, than our mean of 26.0 kg=m 2 . The interclass correlation coefficient between Quetelet's index and %BF via the four-compartment model was also 0.726 for this heterogeneous sample. The foregoing therefore tentatively supports the hypothesis that the subjects of Harris & Benedict (1919) and Schofield (1985) had a lower %BF than the subjects in the present study, but Quetelet's index can be somewhat insensitive to body composition because it is possible to have a high score yet be very lean (Withers et al, 1997) . Finally, while Harris & Benedict's (1919) data were on nonathletes, they were probably more active than untrained persons today and this would have resulted in a relatively greater FFM.
While the sample for this study was specifically selected to represent equal numbers of short, medium and tall and light, medium and heavy persons within 6 y age bands, it must be emphasised that this was considered a pilot project. Nevertheless, the preceding cross-validation analyses suggest that equations need to be generated from a large database for predicting the RMR of 30 -60-y-old Australian males. This would increase the number of subjects per independent variable and thereby enhance the generalisability of the equations (Tabachnick & Fidell, 1996) .
The Harris & Benedict (1919) equations were generated on 136 males aged 16 -63 y, but only 33 and 11 of them were ! 30 and ! 40 y, respectively. The small number of older subjects therefore prompted the investigators to comment that their negative regression weight for age should be regarded as tentative. A similar statement was made by Schofield (1985) . Nevertheless, it is logical to argue that the reduced physical activity with aging results in a decrease in FFM and an increase in FM. This is certainly supported by the negative regression weight for age in Table 2 and the fact that the errors in Table 4 for the Harris & Benedict (1919) equation which uses age, height & mass are much less than for the equation which just employs height and mass as predictors. An alternative explanation is that the metabolic activity per kg FFM declines with age. It must also be considered that in reference man $ 58% RMR is due to $ 5.5% of the body mass (Elia, 1992b ; liver, brain, heart and kidneys). Organ sizes relative to the amount of FFM are therefore important determinants of the FFM (Elia, 1992b) .
The 22.5% BF using the two-compartment hydrodensitometric body composition model was lower (P < 0.001; Table 1) than that of 24.0% BF via the four-compartment criterion model, but the interclass correlation coefficient between these two methods was 0.981. The former model assumes that the body can be partitioned into the FM and FFM whose respective densities are 0.9007 (Fidanza et al, 1953 ) and 1.1000 g=cm 3 (Brozek et al, 1963) . However, Table 1 indicates that the subjects' mean FFM density was 1.1052 g=cm 3 . This was because the two-compartment hydrodensitometric model assumes that water comprises 73.72% of the FFM and it also has the lowest density of the four FFM components. The data in Table 1 indicate that the subjects' FFM hydration of 72.78% was less than the assumed constant and this would increase the FFM density and result in an underestimation of the %BF via hydrodensitometry. The converse would have applied if the FFM hydration had been greater than the assumed constant.
The s.e.e. of 2.6% BF for the prediction of body fat via the four-compartment criterion body composition model from the sum of seven skinfold thicknesses is comparable to that of 2.9% BF previously reported (Williams et al, 1992) for the sum of four skinfold thicknesses of 91 American males aged 34 -84 y. However, their coefficient of determination indicated 80% shared variance between the dependent and independent variables compared with 86.6% for this study. We have previously reported (van der Ploeg et al, 2001) a higher interclass correlation coefficient and lower s.e.e. of 0.964 (coefficient of determination ¼ 93%) and 1.9% BF, respectively, for the regression of %BF using the four-compartment body composition model on the sum of seven skinfold thicknesses for 18 -30-y-old Australian males. The preceding differences for our two groups may reflect age-wise changes in both skinfold compressibility and the distribution of internal and subcutaneous body fat. Nevertheless, the correlation and s.e.e. are higher and lower, respectively, than for most of the equations in the literature (Norton, 1996) where anthropometric variables (skinfolds, girths and breadths) have been used to predict body density from which the %BF has been estimated. It must also be considered that %BF via the four-compartment body composition model is a more valid criterion than estimated %BF from predicted BD because it controls for biological variability in TBW and BMM (Withers et al, 1998) . Table 3 furthermore emphasises that using the relatively expensive and timeconsuming FFM estimated using the four-compartment
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Our findings on a heterogeneous sample of 41, 30 -60-yold Australian males may be summarised as follows:
1. The coefficient of determination and s.e.e. for the best RMR prediction equation were much higher and lower, respectively, than the equations of Schofield (1985) . Our s.e.e. was also comparable with those for the equations of Harris & Benedict (1919) , which are based on 136 males, only 33 of whom were ! 30 y of age. However, the 95% confidence interval at the mean of 841 kJ=day poses the question as to whether it was more acceptable to tolerate the error in the prediction or the difficulty of direct measurement. 2. Cross-validation analyses suggest that equations need to be generated from a large database for predicting the RMR of Australian males. 3. FFM predicted from the sum of skinfold thicknesses, which has been validated against the criterion of FFM using the four-compartment body composition model, should be further explored as an RMR predictor.
